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(54) Optical Information medium, method for producing the optical Information medium, and unit 
for producing the optical information medium 



(57) The optical information mecfium of the invention 
includes: af irst sut>strate having at Irst information signal 
layer; a first reflective film formed on the first information 
signal layer of the first sii>strate; a second sut>strate hav- 
ing a second Information signal layer; a second reflective 
film formed on the secorxi Information signal layer of the 
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second substrate; and a photopolyiner resin film pro- 
vided between the first reflective film and the second 
reflective f im for bonding the first substrate and the sec- 
ond substrate with each other. Another embedment 
comprisesasemi-transparant film on thefirst information 
signal layer of the first substrate. 
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1 EP0706 

Descflpti n 

BACKGROUND OF THE INVENTION 

1 . Reld of the Invention: s 

The present invention relates to an optical infbmna- 
tion nnedium fbrnned by bonding two optical infbnnation 
substrates with each other; a method for producing the 
same; and a unit for producing the same. The present 10 
invention also relates to an optical information medium 
having two information signal layefs for recording/repro- 
ducing information thereon/therefrom by irradiating and 
focusing a laser be£un tiiereon; a method for producing 
the same; and a unit for producing the same. is 

2. Description of the Related Art: 

Recentiy, various optical information media such as 
an optical card and an optical cfisk have been practically 20 
used. A compact disk (hereinafter, simply referred to as 
a "CD"), in particular, has become remarkably popular. 
The video and audio information recorded as digital sig- 
nal on a CD-ROM can rKTw be processed easily by a 
computer. As a result, the value and the utility of a CD 2S 
have been conskierably increased in the information 
industry. 

In order to record/reproduce high-density informa- 
tion onto/from an optical d^k. it is necessary to shorten 
the wavelength of the laser beam to be used for the so 
reoorcfing and the reproduction arxi increase the numer- 
ical aperture (NVQ of an objective lens. Thanks to the 
remarkable devetopment in the technologies for produc- 
ing semiconductor laser devices, video compresskm 
technologies arxi various kinds of peripheral technolo- 3s 
gies. it is currentiy possible to record video and audio 
information on one skie of a disk with a diameter of 120 
mm for a k>ng time. For example, by using an objective 
lens with an NA of 0.6 and a red semiconductor laser 
witiiawavelengttiof 650 nm, it is possible to reproduce 4d 
information from the signal pits with a track pitch of 0.74 
|un and a pit length as short as 0.40 iim in a highly reli- 
able manner. If an 8-1 5 system is used as a nxxiulation 
system, then one t)it length becomes 0.25 |un. There- 
fore, it is possible to accomplish a density higher than 45 
that of a CD by 5 times or more. By setting the redun- 
dancy to be about 1 5%, information having a capacity of 
about5Gygabytes can be recorded on adisk with adiam- 
eter of 120 rrwn, and video and aucfio signals in compli- 
ance with MPEG 2 standard can be recorded at 4.7 Mbps so 
on average on one skJe of a cfisk with an equal size to 
thiat of a CD for atxxjt 142 rranutes. 

However, ttie allowable disk tilt of an objective lens 
with an increased NA is very small. For example, if a sub- 
strate witti a thickness equal to that of a CD, i.e.. 1 .2 mm, ss 
is used, then the tilt allowable for an objective lens with 
an NA of 0.6 is about 0.25 degrees. The tilt is no larger 
than the error to be caused in installing an optical head 
onto a player. Therefore, if a tilt is caused t>y a deforma- 
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tion on the disk, then such a tilt is not allowabla Accord- 
ingly, it is difficult to practically use an objective lens with 
such a small tilt. 

By thinning the thickness of the sut)strate, such an 
objective lens with an increased NA can t>e used arxl a 
practical high-density optical disk can be accomplished. 
For example, by reducing the thk^kness of the 8ut>strBte 
to one half of the thkicness of a CD, i.e., 0.6 mm. the tilt 
allowable for an otjjective lens with an NA of 0.6 can be 
enlarged to atx)ut 0.75 degrees. As a result, even when 
an error of atxxJt 0.25 degrees is caused in installing an 
optical head, a tilt up to 0.5 degrees, actually caused by 
a deformation on a cfisK is still allowable. 

Rrst. a nrtethod for producing a CD will be briefly 
described for comparison. By using a stanrper on which 
an audio signal is recorded, a sut>strate, a side of which 
is used for recording the audio signal, is produced so as 
to be 1 .2 mm thick by an injection nrx>lcfing method. Then, 
a reflective fOm made of aluminum or the like is formed 
on the audio si^al recording surface by a sputtering 
method. Next, a photopolymer resin is applied on the 
reflective fDm and then irradiated vntti ultraviolet (UV) 
rays, thereby forming a protective film. A CD is produced 
in this way. 

K an optical disk with a single thin sut>strate is 
formed, then the disk is likely to be deformed by the 
weigfit thereof. In order to prevent such deformatfon. two 
substrates are tx)nded with each other. By attaching tiie 
two substrates, not only the mechank^al strength of the 
disk can be increased but also the capacity of the disk is 
dout)led. because the area usable for reoording/k-epro- 
ducing the information thereon/Uierefrom can be dou- 
bled. 

A conventional method for producing such a disk 
formed by the bonding of two thin sul>strates will be 
descrft}ed. Rrst, t>y using a stanrper on which information 
signals such as video signals arxi audio signals are 
recorded, a first thin sut>strate, a skJe of which is used 
for recording the information signals thereon, is pro- 
duced by an injection mokJing method. 

Then, a reflective film made of aluminum or tfie like 
is formed on the information signal layer t>y a sputtering 
method. Next, a photopolymer resin is applied on tiie 
reflective f Om and then irradiated witii UV rays, thereby 
forming a protective film. Furthernwre, a second thin 
sut>strate is formed by using a second stamper on whk;h 
different information signals are recorded, and then 
another reflective film and another protective film are 
formed in the same manner as the above. 

Thereafter, a hot-melt adhesive is applied onto the 
protective film of each of the two substrates by using a 
roll coater; the two sut>strates are bonded with each 
other so that the hot-melt adhesives applied on the sur- 
face of each of the protective films are tx>nded with each 
other; and ttien pressure is applied to the assembly, 
tiiereby forming a bonded disk obtained by assembling 
the first and the second substrates. This bonding method 
using a hot-melt adhesive is the sam as the method 
used for producing a laser disk. 
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The disk thus formed has a configuration in which 
the two substrates are integrated by opposing the pro- 
tective films of the two sutystrates to each other and fornrv 
ing a hot-melt »ihesive layer therebetween. 

The configuration of such a conventional tended s 
disk will be descrft>ed with reference to Figure 8. As 
shown in Rgure 8, an information signal layer 102 is 
formed on one side of a first substrate 1 01 . A r^lective 
film 103 made of a metallic material mainly composed of 
aluminum or the like is fbrrned on the information signal io 
layer 1 02. arxi a protective film 1 04 is further formed ther- 
eon. On the other hand, an information signal layer 106 
is fonned on one side of a second substrate 105. In the 
same way. a reflective f im 1 07 and a protective film 1 08 
are formed on the information signal layer 106. A hot- is 
melt adhesive layer 109 is firther provkled between the 
protective films 104 arxi 108 opposed to each other, 
thereby integrally bonding the first sut>strate 1 01 and the 
second sut>stFate 105. 

In order to realize an alternative optical information 20 
medium, a m^od in which two information signal layers 
for recorcGng/reprodudng infamation thereon/therefrom 
are formed by irradiating arxl focusing a laser beam from 
the same direction is disclosed in Japanese Laid-Open 
Patent Publfoation No. 3-209642 and USP Na 25 
5. 1 34.604. The reflectance of one of the information sig- 
nal layers which is located closer to the laser k>eam 
incoming side is reduced, so that a sufficient amount of 
the laser beam can reach the other information signal 
layer distant from the laser beam incoming side and the 30 
information recorded on the respective information sig- 
nal layers can be independently read out Therefore, by 
using an optical information medum with the same size 
as ttiat of a conventional mediun, the area usal)le as the 
recording region can t>e dout)led and the recording 35 
capacity can be considerably increased. 

With respect to such a conventional dual-layer dsk, 
the operational principle of the disk where the two infor- 
mation signal layers are exclusively used for reproducing 
the information therefrom will be descr3>ed. Rgure 9 40 
shows a case where ttie laser beam is focused on one 
of the two information signal layers which is distant from 
the laser beam incoming side. In Rgure 9. an information 
signal layer 152 is formed on one side of a transparent 
substrate 151 made of glass, resin, or the lika A semi- 45 
transparent thin f Om 1 53 is formed on the information sig- 
nal layer 152 so as to partially reflect the laser beam. 
Another information signal layer 180 is fomied over the 
semi-transparent thin film 1 53 via a transparent material 
1 54. Since it is preferable fcx a reflective film 1 81 formed so 
on the information signal Iayer180toreflect substantially 
all of the incoming laser beam, the reflective film 181 is 
made of a metallic material such as aluminum. A protec- 
tive film 182 made of photopolymer resin or the like is 
furflier formed on the reflective film 1 81 . The laser beam ss 
focused and incident on the information signal layer 180 
isdenotedbylTI. 

In the case where the laser beam is focused on the 
information signal layer 180, the information signals 
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recorded on the information signal layer 180 can be 
reproduced, while th laser beam is partially reflected by 
the information signal layer 152 asdenoted by 1 72 before 
the laser beam reaches the information signal layer 180. 
In such a case, if th thickness of the transparent mate- 
rial 154 is suffiderrtiy targe, then the spot siz ofthelaser 
beam on the information signal layer 152 becomes suf- 
f icientiy large, so that tiie signals recorded on the infor- 
mation signal layer 152 cannot t>e reproduced, and the 
signals reproduced from the information signal layer 180 
are not adversely affected by the signals recorded on the 
information signal layer 152. In addition, if the semi- 
transparent tfiin fOm 153 on the information signal layer 
1 52 is formed so as to have a uniform thickness, then a 
local phase change is not generated in the incoming 
las^ k>eam, and the diffraction phenomenon unde3irat}le 
for reproducing a signal can be suppressed at a negligi- 
ble level. On the other hand, in the case where tiie laser 
beam is focused on the infonmation signal layer 152 
cfoser to the laser beam incoming side, the laser beam 
is transmitted through tiie semi-transparent thin film 1 53. 
Howev^, since the spot size of the laser beam on the 
information signal layer 180 becomes sufffoientiy large, 
the information signals recorded on the information sig- 
nal layer 180 cannot be reprocbjced. and the signals 
reproduced from the information signal layer 1 52 are not 
adversely affected by the signal recorded on tiie infor- 
mation signal layer 180. 

Rgures 10A to IOC show a method for producing 
such a dual-layer optical information nrtecfium. The trans- 
parent sut)strate 1 51 having the information signal layer 

1 52 formed on one side thereof is formed by an injection 
moldtng method or the like in the same way as a CD suk>- 
strate. As shown in Rgure 1 0A, the semi-transparent tiiin 
fSm 153 is formed on the Information signal layer 152 by 
a sputtering method or a vacuum evaporation method 
using atarget161. The target 161 is a material for com- 
posing the semi-trarTsparent thin film 1 53 and is made of 
a metal such as Au anti Al or a dielectric such as ZnS. 
Then, as shown in Rgure 1 0B, a photopolymer resin 154 
to become the transparent material 154 is inserted 
between a stamper 1 62 for forming the information signal 
layer 1 80 and the semi-transparent thin f Dm 1 53 formed 
on the information sigrmi layer 152; pressure is applied 
to the stamper 1 62 so as to obtain a pred^ermined thfok- 
ness of the transparent material 1 54; and then UV rays 
164 are irradiated tiirough the semi-transparent thin film 

153 and \he transparent material 154. 

Next, as shewn in Rgure IOC, the reflective film 181 
is formed on the information signal layer 1 80 obtained by 
renfx>ving the stamper 162 by a sputtering method or a 
vacuum evaporation method using a target 165. In the 
case where the information signal layer 180 is to be 
exclusively used for the reproduction, the target 165 is 
made of a metallic material such as aluminum. On tiie 
other hand, in tiie case where the information signal layer 
1 80 is to be used for the recording and the reproduction, 
the target 165 is made of a phase-changeable material 
or a magneto-optical nnaterial. In performing this produc- 
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tion method, the transparent sut>strate 1 51 and the semi- 
transparent thin f 9m 1 53 are required to transmit the UV 
rays. Rnally, the protective film 182 Is formed on the 
reflective fOm 181 by using the photopotymer resin. 

Since a conventional bonded disk is produced by a s 
hot-mett method, the cost is considerably increased 
because an additional equipment such as a roll coater 
for applying a hot-melt adhesive and a presser is 
required in addition to the apparatus for producing a CD. 
On the other hand, since a new type of disk suitable for io 
the use in a car ^ required to k>e developed from new on, 
such a disk is required to be resistant to the environment 
where the temperature reaches up to about 80''C and 
the humidity reaches up to atx>ut 8S% lor a fong time 
However, the hot-melt adhesive is softened at such a is 
high terrperature and high humidity, so that the disk is 
adversely deformed to exceed the allowable disk tilt. 

According to the conventional method for producing 
the dual-layer optical information medium, when the 
information signal layer distant from the laser beam 20 
incoming skie is formed, a photopotymer resin is inserted 
between the stamper on whk;h the information is 
recorded arvi the semi-transparent thin film formed on 
the infamation signal layer cfoser to the laser beam 
incoming skJe. and the UV rays are irradiated through 2s 
tfte information signal layer cfoser to the laser beam 
incoming skJe while applying pressure to the resin. 
Accordingly, a process step for ciring the resin with the 
UV rays arxi a process step for removing the resin from 
the stamper are required to be performed for producing 30 
each disk. In addition, a certain amount of time is 
required for removing the cured resin from the stamper 
and dust is likely to be attached to the resin, so that pro- 
ductivity Is decreased, the cost necessary for producing 
the optical information medium t>ecomes high and the 3s 
optical information medium has many defects. 

SUMMARY OF THE INVENTION 

The optical Information medium of the invention 40 
includes: a first substrate having a first information signal 
layer; a first reflective film formed on the first information 
signal layer of the first substrate; a second sut>strate hav- 
ing a second information signal layer; a second reflective 
film formed on the second information signal layer of the 4s 
second sut>strate; and a photopotymer resin film pro- 
vided between the first reflective film and the second 
reflective film for bonding the first substrate and the sec- 
ond sut)strate witii each other. 

In one embodiment, the first and the second ref lec- so 
tive films are made of a metallic material mainly com- 
posed of aluminum. 

In another embodiment, at least one of the first and 
the second reflective films has a thickness of 0.1 ^m or 
less. 55 

In still another embodiment, the first and the second 
substrates have a sut)s1antially equal thk:kness. 

In still anotiier embodiment, the first and the second 
substrates have a thickness of 0.57 mm to 0.63 mm. 



In still another embodiment, a pit art is formed on at 
least one of the f rst information signal layer and the sec- 
ond information signal layer. 

In still another embodiment a recording material f Om 
Is provkied at least one of between the first sut>strate and 
the first reflective f Dm and between the second sut>strate 
and the second reflective film. 

According to arrather aspect of the preserrt inven- 
tion, a method for producing an optical Information 
medium Is provided. The method Includes the steps of: 
forming a first sut}strate having a first Information signal 
layer on one skJe thereof; forming a first reflective film on 
the first information signal layer of the first substrate; 
forming a second sut>strate having a second information 
signal layer on one side thereof; forming a second reflec- 
tivefitmonthesecond information signal layer of the sec- 
ond substrate; superposing the first and the second 
substrates so tfiat tiie first and the second reflective films 
are opposed to each other with a photopotymer resin 
therebetween; and inadiating the photopotymer resin 
wHh light at least through the second substrate and the 
second reflective fOm so as to perform a multiple reflec- 
tion of a part of the light t>etween the first and tfie second 
r^lective films and cure the photopotymer resin, ttiereby 
txxKling tfte first and the second substrates with each 
other. 

In one enrfoocfiment the step of superposing the first 
and the second sut^strates includes the steps of applying 
the photopotymer resin in a donut shape while rotating 
the first substrate, and siperposing the second sut>strate 
on the first sut>strate so that the first and the secorxl 
rdlective films are opposed to each other via the pho- 
topotymer resin so as to integrally rotate the first and the 
second sut)strates. 

In anotiier embodiment, the method for procbidng 
an optical information medium, further includes a step of 
disposing a transparent plate on the second substrate 
so as to press the secorxl substrate via the transparent 
plate after performing the step of superposing ttie sec- 
ond substrate on the first substrate so as to integrally 
rotate the first arxi the secorxJ sut>strates. 

According to still another aspect of tiie present 
invention, a unit for produdng an optical Information 
medium by lx>nding a first substrate Including a first 
reflective film formed on a first Information signal layer of 
the first sut>strate and a second substrate including a 
second reflective film formed on a second information 
signal layer of the second sut)strate with each other is 
provided. The unit includes: an apparatus for applying a 
photopotymer resin on the first reflective film while rotat- 
ing tiie first substrate; an apparatus for superposing the 
second substrate on the F>hotopolymer resin so that the 
first and tiie second reflective f ams are opposed to each 
otiier; an apparatus for integrally rotating thef irst and the 
second substrates; and an apparatus for irradiating the 
photopolymer resin with light. 

According to still another aspect of the present 
invention, a unit for producing an optical information 
medium k)y bonding a first sut>strate inducfing a first 
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reflective f im formed on a first information signal layer of 
the first substrate and a second substrate including a 
second reflective film formed on a second information 
signal layer of the second sut>strate with each other is 
provided. The unit includes: an apparatus for applying a 
photopolymer resin on the first reflective film while rotat- 
ing the first sut>strate; an apparatus for superposing the 
second sitetrate on the photopolymer resin so that the 
first and the second r^lective films are opposed to each 
other; an apparatus for integrally rotating the first and the 
second substrates; an apparatus for pressing the second 
sutistrate via a transparent plate; and an apparatus for 
irradiating the photopolymer resin with light. 

According to still another aspect of the present 
invention, a unit for producing an optical information 
medium is provided. The unit includes: a first production 
t)lock including a first molding machine for forming a first 
sut>strate including a first information signal layer ther- 
eon, and a first sputtering apparatus for forming a first 
reflective film on the first information signal layer of the 
first substrate: a second production block including a 
second molding machine for forming a second substrate 
including a second information signal layer thereon, and 
a second sputtering apparatus for forming a second 
reflective film on the second information signal layer of 
the second substrate; a third production block for oppos- 
ing the first reflective film of the first sut>strate and the 
second reflective film of the second sut>strate via a pho- 
topolymer resin film and then irradiating the photopoly- 
mer resin film with light at least through the second 
sut>strate and the second r^lective fim; and a trans- 
porter for moving the first sut>strate from the first produc- 
tion bfock to the third production bfock and moving the 
second sut>strate from the second production bfock to 
the third production block, respectively. 

The optical information medium according to still 
another aspect of the present invention includes: a first 
sut>strate having a first information signal layer; a semi- 
transparent film formed on the first information signal 
layer of the first sut>strate; a second substrate having a 
second information signal layer; a reflective film formed 
on the second information signal layer of the second sut> 
strate; and a photopolymer resin film provided t>etween 
the semi-transparent film and the reflective film for bond- 
ing the first sii?strate and the second sut>strate with each 
other. 

In one emtxxiimentp the reflective film includes a 
recording material film. 

In another emtxxliment, a thickness of the first sut>- 
strate is in a range of 0.55 to 0.61 rmt 

In still another embocfinrfent, a thickness of the pho- 
topolymer resin is in a range of 30 to 60 ftm. 

According to still another aspect of the present 
invention, a method for producing an optical information 
medium is provided. The method includes tiie steps of: 
forming a first substrate having a first information signal 
layer on one side thereof; forming a semi-transparentf ilm 
on tiie first information signal layer of the first sut>strate; 
forming a second sut)strate having a second information 



signal layer on one side thereof; forming a reflective film 
on the second information signal layer of the second sut>- 
strate; superposing the first and th second sut>strates 
so that the semi-transparent film and the reflective film 

5 are opposed to each other with a photopolymer resin 
theret>etween; and inBcfiating the photopolymer resin 
with light at least through the first sut>strate and the semi- 
transparent f Qm so as to perform a miMple reflection of 
a part of the light t)etween the semi-transparent film and 

70 the reflective fOm and cure the photopolymer resin, 
thereby bonding the first and the secorxf sut>strates with 
each other. 

According to still another aspect of the present 
invention, a unit for producing an optical information 

IS medium is provided. The unit includes: a first production 
block inducfing a first nfK)kiing machine for forming a first 
sid>strate including a first information signal layer ther- 
eon, and a first sputtering apparatus for fomning a semi- 
transparent film on the first information signal layer of the 

20 first substrate; a second production block including a 
second molding machine for forming a second substrate 
including a second information signal layer ttiereon, and 
a second sputtering apparatus for forming a reflective 
f Dm on ttie second information signal layer of the second 

2s substrate; a third production bfock for opposing the semi- 
transparent film on the first substrate and the reflective 
fOm on the second 8ut>strate with each other with a pho- 
topolymer resin film therebetween and then irradiating 
the photopolymer resin film with light at least through the 

30 first substrate and the semi-transparent film; and a trans- 
porter for moving the first sut)stFate from the first produc- 
tion block to the third production block and nrmng ttie 
second sut)strate from the secorvi production block to 
the third production block, respectively. 

35 Thus, the invention descrit>ed herein makes possi- 
ble the advantage of providing an optical information 
medium which can be produced witti a high yield and at 
a lower cost so as to have lessdefects, a method for pro* 
dudng the same and a unit for producing the same. 

40 This and other advantages of the present invention 
will become apparent to those skilled in the art upon 
reading and understarxiing the following detailed 
description with reference to the accompanying f igures. 

45 BRIEF DESCRIPTION OF THE DRAWINGS 

Rgure 1 is a cross-sectional view of an optical infor- 
mation medium accofding to a first example of the 
present invention. 
50 Rgure 2 illustrates a UV ray inadiation process step 
in a metiKXI for producing an optical information medium 
of the present invention. 

Rgures 3A to 3D are perspective views showing the 
respective process steps for producing the optical infor- 
55 mation medium according to the first example of the 
. present invention. 

Rgure 4 is a t}lock diagram showing an arrangement 
for a unit for producing th optical information medium 
according to the first example of the present invention. 
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Figure 5 is a cross-sectional view of an optical infor- 
mation medium according to a second example of the 
present invention. 

Rgures 6A to 6C are cross-sectional views sfiowing 
tfie respective process steps for producing tfie optical s 
information medium according to the second example of 
the present invention. 

Rgure 7 is a t)lock diagram showing an arrangement 
for a unit for producing the optical information medium 
according to the second example of the present inven- 
tion. 

Rgure 8 is a cross-sectional view of a conventional 
optical information medium. 

Rgure 9 is a cross-sectional view of another conven- 
tional optical information medium. 

Rgures 1 0A to 1 0C are aoss-sectional views shew- 
ing the respective process steps for producing a conven- 
tional optical information medium. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Hereinafter, the present invention will be descried 
t}y way of illustrative examples with reference to accom- 
panying drawings. 

Example 1 

Referring to Rgures 1. 2 and 3A to 3D, an optical 
information medium according to an example of the 
present invention will t>e descrit>ed. 

Rrst referring to Rgure 1, the configuration of the 
optical information medium of this exanple will t>e 
descrit>ed. The optical information medium includes: a 
first sut>strate (thickness: about 0.6 mm) 1 having a first 
information signal layer (surface) 2; a first reflective film 
3 formed on the first information signal layer 2; a second 
sut>strate (thickness: about 0.6 mm) 5 having a second 
information signal layer (surface) 6; arxf a second reflec- 
tive film 7 f6rn>ed on the second information signal layer 
6. The first sut>s1rate 1 and the second substrate 5 are 
bonded with each other by a pfiotopolymer resin fim 10 
provided t>etween the first reflective film 3 and the sec- 
orxJ reflective f Om 7. 

A plurality of pits with a size defined in accordarK;e 
with the wavelength of signal reprodudng ligfits 21 and 
23 are formed on the information signal layers 2 and 6 
of this exampla When the sut>strates 1 and 5 are formed 
in a disk shape, the pits are arranged in a concentric pat- 
tern or a spiral pattern. In some cases, guide grooves for 
tracking are provided on the information signal layers 2 
and 6 separately from the pits. However, according to the 
present invention, the shape of the information signal lay- 
ers 2 and 6 is not linrvted to the particular ona For exam- 
ple, an image macroscopicalty formed by using pits, 
grooves or the like (hereinafter, such an image will be 
referred to as a "pit arf) can be formed on the entire sur- 
iace or a part of the surface of the information signal lay- 
ers 2 and 6. 



The information recorded on the first information sig- 
nal layer 2 is reproduced by the signal reproducing light 
21 incoming through the substrate 1 . Th light 21 incom- 
ing tftrough the sut)strate 1 is reflected by the reflectiv 
fSm 3 so as to be light 22. By detecting tfi variation in 
the intensity of the reflected light 22, the recorded infor- 
mation can be reproduced. On the other hand, the infor- 
mation recorded on the second infomation signal layer 
6 is reproduced by the light 23 incoming through the sub- 
strate 5. The ligfit 23 incoming through the substrate 5 
is reflected t>y the reflective film 7 so as to be light 24. 
The emissfon of the lights 21 and 23 and the detection 
of the lights 22 and 24 are performed by a known tech- 
nology. In the case where the emissfon of the lights 21 
and 23 and the detection of the lights 22 and 24 are per- 
fonmed by a single optk^al head, the optfoal information 
medium is required to be reversed on the way of repro- 
duction in order to continuously reproduce the informa- 
tion from the different information signal layers. 

The first reflective fim 3 and the second reflective 
f Om 7 are preferak>ly made of a metallic material mainly 
composed of aluminum, and the thk;kness thereof is 0.05 
^m in this exanrtpla In order to suitat)ly perform tfie pro- 
duction method to be descnbed later, it is preferable for 
at least one of the first reflective f Hm 3 and tiie second 
reflective fQm 7 to have a thickness of 0.1 ^m or less. 
However, depending upon the material for the reflective 
fflms, the thickness may be over 0.1 ^m in some cases. 

In this example, a hot-melt adhesive is not used but 
instead a photopolynier resin is Accordingly, the 
d^k of th^ example can resist an environment where the 
temperatore reaches up to about SO^'C and the humkJity 
reaches up to about 85% for a long time, and the cfisk is 
not therefore d^rmed to exceed the aIlowat)le d^ tilt. 
Therefore, it is possible to provide an optical information 
medium suitable for the use in a car and excellent in envi- 
ronPDental resistanca 

It is noted that the optical information medium sfK>wn 
in Rgure 1 will be called a "cfisk obtained by bonding two 
thin sut)strHtes" in this specification. In general, such a 
disk is fomried in a disk shape (circular with a circular 
aperture in the center). However, the disk can be a card 
shaped medium. 

Next, referring to Rgures 1 and Rgures 3A to 3D. a 
method for producing tfie optical information medium will 
t}e described. 

Rrst, the substrate 1 shewn in Rgure 1 produced 
t>y an injection molding method or the tike. In the case of 
performing the injection mokfing. the substrate 1 is pref- 
erafcrfy made of a transparent resin such as polycar- 
bonate. In this example, a disk-shaped sut>stFate 1 wHh 
a thk:kness of 0.6 ± 0.03 mm. an outer diameter of 120 
mm and an inner diameter of 1 5 mm is formed. By per- 
fonrrang injection molding and the like, a substrate in var- 
ious sfiapes and sizes can be easily formed. In the case 
of performing injection moUing, the pHs or the like of the 
first information signal layer 2 are formed during the 
injection molding. Therefore, the contents of th informa- 
tion are determined by the pattern of the starrper used 



15 



20 



25 



30 



35 



40 



45 



SO 



6 



11 



EP0706178 A2 



12 



for the injection molding. However, the substrate 1 niay 
be formed by other methods. Next, the reflective film 3 
is formed on the first information si^ial layer 2 on the 
substrat 1 by a sputtering method or a vacuum evapo- 
ration nf)ethod. 

Another disk-shaped substrate 5 having the second 
Information signal layer 6 formed on one side thereof is 
separately formed by the injection nrK>lding method or the 
like, and the reflective film 7 is formed on the second 
information signal layer 6 on the substrate 5 by a sput- 
tering metfKxJ or a vacuum evaporation method. Ihe 
second substrate 5 Is formed by the same method as the 
method for forming the f irst substrate 1 . The same shape 
and size as those of the first sii>strate1 are used fbrthe 
second substrate 5. However, depencfing upon the appli- 
cations, different shapes and sizes can be used for the 
first substrate 1 and the second sut)strate 5. In this exam- 
ple, by setting the thickness of each of the substrates 1 
and 5 to be In a range of 0.57 mm to 0.63 mm, an allow- 
at>le tilt of thediskcan be enlarged to about 0.75 degrees 
even when an objective lens with an NA of 0.6 or more 
is used. According to the present Invention, one optical 
information mediivn is produced by borKiing two sub- 
strates wrtii each other. Therefore, even rf the strength of 
each of the substrates Is further reduced, a serious prob- 
lem is unlik^ to occur. Consequently, it Is possible to 
use an objective lens with a higher NA by setting the 
thickness of each sut)strate to be smaller than about 0.6 
mm. However, in the case of making the sut>strates of 
this invention of a material used for a currentiy availatsle 
CD. the thickness of each sut>strate is preferably 0.3 mm 
or more in order to maintain a sufficient strength thereof. 

The lrijectk)n molding process or the sputtering 
process used for fbmiing the respective substrates hav- 
ing an information signal layer on one skJe thereof are 
also used in a process for producing a CD. Since the 
cydetime required for performing the respective process 
steps ^ on the order of several seconds, these proc- 
esses have a very hig^ productivity. 

Next as shown in Rgure 3A. while rotating the sut)- 
strate 1 on which the reflective film 3 Is formed at a tow 
speed (e.g.. 10 to 50 rpm). the photopolymer resin 10 is 
applied onto the reflective film 3 in a donut shape. In th^ 
case, the amount of the photopolymer resin 10 to t>e 
applied Is set to be in an approximate range of 1 to 5 
grams. As the photopolymer resin 1 0. SD 1 700 (product 
name; manufactu-ed by Dainippon Ink & Chemicals. 
Inc.) is used, for exanrpla Altematively. SD101, SD301 
or the like can also be used. In addition, instead of a resin 
curable by UV light, a resin curable t>y light with a different 
wavelength can also t>e used. Therefore, the kind of the 
photopolymer resin is not particularly limited. However, 
under the cunent drcumstances. the resin curable by UV 
light is most practical. In addition, a mixture composed 
of plural kinds of resins can also be used and the resin 
can have a multi-layered structure. 

Then, as shewn In Rgure 3B, the second substrate 
5 is disposed so that the second reflective film 7 faces 
the photopolymer resin 1 0. and then superposed on the 



first sut>strate 1 . Alternatively, the siperposition can be 
performed by disposing th first sut)strate1 over the sec- 
ond sut>strat 5. 

After the photopolymer resin 10 has diffused to the 

5 vicinity of the inner periphery of the sutystrates 1 and 5 
between the first reflective film 3 and the second ref lec- 
tive film 7. the first sut>strate1 arxJ the second sid>strat6 
5 are integrally rotated at a high speed, &g.. at 1000 to 
5000 rpm as shown in Rgure 30. thereby making the 

10 thnkness of the photopolymer resin 1 0 substantially uni- 
form t>etween the first and the secorvl reflective f ims 3 
and 7. When the rotatk>n is f irvshed. the thickness of the 
photopolymer resin 10 becomes approximately 10 to 60 
^m. This thickness is optimized by the viscosity and the 

15 initial thickness of the photopolymer resin, and the rota- 
tion speed and tima 

Next, as shown in Rgure 3D. the first substrate 1 is 
irradated vnth the UV rays having a wavelength of 300 
to 400 nm, for example. A halogen lamp, a mercury larrp 

20 or the like Is used as the UV light source, for example. In 
this example, UV rays with an intensity of 100 to 200 
mW/cm? ]s Irradiated for 10 to 40 seconds. By irracfiating 
the UV rays, the photopolymer resin 10 Is cured, the first 
substrate 1 and the second substrate 5 are integrally 

25 combined, and the bonding of the first substrate 1 and 
tiie second sutystrate 5 is completed. 

Refem'ng back to Rgure 1. the UV ray irradBation 
step will be descra>ed In further detail. The UV rays (not 
shown in Rgure 1) irracOated onto the second substrate 

30 5 shown in Rgure 1 are transmitted through the second 
suk>strate 5, arxj then irradiated onto the reflective film 7 
formed on the second information signal layer 6. The 
second sut>strate 5 is made of a material for transmitting 
the si^ial reproducing light 23 at a high transmittance 

35 (e.g., 90% or rnoie). In general, such a material also 
transmits the UV rays at a high transmittanca Most of 
the UV rays transmitted through the second substrate 5 
are reflected by the reflective film 7. while the remaining 
UV rays are transmitted through the reflective film 7 and 

40 incident onto the photopolymer resin 1 0. When the thick- 
ness of the reflective film 7 is in a range of 0.05 to 0.1 
nm or less, the UV transmittance of the reflective f Om 7 
mainly composed of aluminum is in an approximate 
range of 0.1 to 1%. The present inventors have con- 

45 firmed that the photopolymer resin 10 is cured at a 
remarkably higher rate than the expected rate, even 
when the UV transmittance of the reflective f Om 7 Is at 
such a relatively low level. 

More specifically, when the transmittance of the 

50 reflective film 7 is 1 %. the amount of the U V rays reaching 
the photopolymer resin 1 0 is reduced to atxxit one-eight- 
ieth or less, as compared with a case of not providing the 
reflective film. If the calculation Is conducted simply 
based on the data obtained in the case of forming the 

55 protective film for a CD from the photopolynner resin, tiie 
time required for completely curing the photopolymer 
resin 1 0 is generally increased by 80 times or more, typ- 
ically about 160 seconds or longer. Those skilled in the 
art would expect that such a long-time UV ray irracfiation 
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will make it impossft)le to produce a practical optical infor- 
mation medium. However, contrary to the expected 
results, the present inventors have obtained experimen- 
tal results that the photopolymer resin 10 can t}e suffi- 
ciently cured t>y performing the UV ray irradiation for a s 
time longer t>y atx}ut 5 to 20 times (or 1 0 to 40 secorxJs). 
Such results derive from the effect attained by interpos- 
ing the photopolymer resin 1 0 betvveen the two reflective 
films. It is considered that the multiple reflection of a 
sG^ amount of the UV rays trartsmitted through the w 
reflective film between the reflective films 3 and 7 plays 
an important role in accomplishing the effect of the resin 
in a short period of time. In addition, since the photopol- 
ymer resin 10 is inradiated with the UV rays without any 
contact with air, it is possible to eliminate the adverse is 
effects of oxygen in the air onto the curing of the resin. 
The present inventors consider that the fact also consid- 
erably contribute to the shortening of the irradiation tima 

It is nrK)st preferable to use a thin film mainly conv 
posed of aluminum as the reflective film. However, the 20 
reflective film is not limited thereto. The reflective film can 
be made of other me^lic materia^ and a multi-layered 
film. e.g., a dielectric multi-layered film, can also be used 
as the reflective film. 

Instead of the above production method, after the 2s 
protective film Is formed beforehand on the first reflective 
film 3 or the second reflective film 7. the application of 
the photopolymer resin 10 for the boncfing, the bonding 
of the two substrates, arxJ then the UV ray irradiation can 
be performed. By perfbnming the UV ray irradiation in 30 
such a manner, it is possitsle to prevent the deterioration 
of the information signal layer because of the attachment 
of dust or the like before the bonding. The protective film 
is preferably made of a photopolymer resin. In such a 
case, the respective sut>strates1 and Scan t>e produced 3s 
t>y performing the mokfing process, the sputtering of the 
protective film and the formation of the protective film in 
tiie same vway as the processes for producing a conven- 
tional CD. Altematively, the protective film made of a pho- 
topolymer resin can be cured simultaneously with tiie 40 
curirtg of the photopolymer resin 1 0 for bonding. 

When the photopolymer resin 1 0 is cured by the U V 
ray irradiation, a heat is generally generated, thereby 
deforming the substrate 1 or 5 to a certain degree in 
some cases. In order to prevent such deformation, as 4S 
shown in Rgure 2. by pressing the second sut>strate 5 
via a transparent plate 11 (e.g.. a glass plate) disposed 
thereon at least during the UV ray irradiation, the UV rays 
can be transmitted through the transparent plate 1 1 , the 
secorxi substrate 5. and the second reflective film (not so 
shewn in Rgure 2). thereby curing the resin 10. By dis- 
posing such a glass plate 11 , a t)onded disk where the 
sufc)strates 1 arxJ 5 are not deformed and the disk tilt is 
sut)stantially negligible can t>e produced. 

Next referring to Rgure 4, an exemplary unit for pro- ss 
dudng the bonded disk will t>e desaibed. Af irst bfock 31 
includes: a first molding machine 32; a first carrying robot 
33; a first sputtering apparatus 34; and a transporter 35 
for connecting these components. 



The sufc>strate 1 tiaving th first information signal 
layer 2 thereon is formed by the nx>kJing machine 32 by 
th injection nwUing method, and then carried by the 
carrying robot 33 to the point A on the transporter 35. 
Then, the substrate 1 is transported by the transporter 
35 to the point B.th r^lective film 3 is sputtered on the 
information signal layer 2 by the sputtering apparatus 34, 
arti then the sut>strate 1 \s transported again t>y the 
transporter 35 to the point C. 

On the other hand, a second block 36 includes: a 
second mokiing macNne 37; a secorxi carrying robot 38; 
a second sputtering apparatus 39; and a transporter 40 
for connecting these components. The substrate 5 hav- 
ing tiie second information signal layer 6 tiiereon is 
formed by the mokfing machine 37 by the injection mold- 
ing method. arxJ then carried by the canrying rotx3t 38 to 
the point D on the transporter 40. Then, the substrate 5 
is transported by the transporter 40 to the point E, the 
reflective flm 7 is sputtered on the information signal 
layer 6 by the sputtering apparatus 39, and then the sut>- 
strate 5 is transported again by the transporter 40 to the 
point F. 

The first block 31 and the secorxi block 36 are dis- 
posed at adjacent positions. The first block 31 is con- 
nected with a third block 43 by a moving robot 41 . while 
ttie second block 36 is connected witti the third block 43 
t}y a moving robot 42. The third bfock 43 includes: the 
nxiving robots 41 and 42; an UV ray irracfiator 44; a trans- 
porter 45 for connecting these components; and a 
stocker 46. The transporter 45 also includes an applica- 
tor of the photopolymer resin arxi a disk rotator, and 
irrplements the boncfing method described with refer- 
ence to Rgures 3A to 3D. This ttiird bfock 43 functions 
as a boncfing apparatus. 

The first sut>strate1 is nrxwed from the first block 31 
to the point G on the transporter 45 by using the nxving 
robot 41 . where the photopolymer resin e applied in a 
donut shape by rotating the first 8ut>strate 1 at a low 
speed. The second sut)strate 5 is moved from the second 
bfock 36 to the point H on the transporter 45 by using the 
nrxjving robot 42 and then nrxived tiy the transporter 45 
to tiie point G, where the second substrate 5 is siper- 
posed on the first suk>strate 1 so that the first reflective 
f Dm feces the secorxi reflective film. At the point G, the 
first arxi the second sutTStrates are integrally rotated at 
a high speed, thereby diffusing the photopolymer resin 
sut>stantially uniformly t)etween the first and the second 
r^iective films. 

Thereafter, the assembly is nxved to the point I by 
using the transporter 45 arxi then moved to the UV ray 
irradiator 44, where the photopolymer resin is irradiated 
witti the UV rays arxi cured from the suk>strate 5 side. 
The medium thus produced is piled on the stocker 46. 

The atx3ve example relates to the case where the 
UV rays are irradiated by nxTving the assemt)iy from the 
point I to the UV ray irradiator 44. Altematively, the UV 
rays can k>e irradiated by moving the UV ray irradiator 44 
to the point I. In the cas where the disk is pressed via 
a transparent plate so as not to deform the cfisk during 



8 



15 EP0 706 

the UV ray irradiation, the borxJing apparatus can be 
operated mae easily. 

In this example, the present invention has been 
desaibed as being applied to an optical disk. However, 
the present invention is also applicable to other kinds of s 
optical information media such as an optical card. 

In this example, the present invention has been 
descrlt>ed as being applied to a read-only optical infor- 
mation mecfium. However, by providing a known record- 
ing material film t>etween a sut>strate and a reflective 10 
film, the information can t>e recorded/ireproc^ced 
onto/from the recording material film by using a laser 
beam, arvJ a user can freely record private information 
thereon. 

IS 

Examples 

Hereinafter, referring to Rgure 5 and Figures 6A to 
6C, an optical information medium according to another 
example of the present invention will t>e desaibed. This 20 
example relates to a "dual-layer optical information 
medium" allowing for reproducing the information from 
two information signal layers by irradiating light from one 
direction. 

Rrst, refemng to Rgure 5, the configuration of the 2S 
optical information medium of this example will be 
descrbed. The optical information medium includes: a 
first sut>stFate (thickness: about 0.6 mm) 51 having af irst 
information signal layer 52; a semi-transparent film 53 
formed on the first information signal layer 52; a secorxJ 30 
substrate (thickness: about 0.6 mm) 55 having a second 
information signal layer 56; and a reflective fOm 57 
formed on the second information signal layer 56. The 
first substrate 51 and the second sut>strate 55 are 
tx)nded with each other via a photopdymer resin film 60 as 
provkied between the semi-transparent film 53 and the 
r^lective film 57. 

In this exarrple, a plurality of pits with a size defined 
in accordance with the wavelengtii of the signal repro- 
ducing light are also formed on the information signal lay- 40 
ers 52 and 56. When the sut»strates 51 and 55 are 
formed in a disk shape, tiie pits are arranged in a con- 
centric pattern or a spiral pattern. In some cases, gukJe 
grooves for tracking are provided on the information sig- 
nal layers 52 and 56 separately from the pits. However, 4s 
according to the present invention, the shape of the infor- 
mation signal l^ers 52 and 56 is not limited to the par- 
ticular shape of this exarrple. 

The semi-tFarsparent film 53 is made of a metal 
such as Au and Al or a dielectric such as ZnS. When the so 
semi-transparent film 53 is made of Au. the thickness of 
the semi-transparent film 53 becomes about 10 nm. 

The reflective film 57 is made of a metallic material 
mainly composed of aluminum and has a thickness of 
0.05 ^m in this example. ss 

The information recorded on thef irst information sig- 
nal layer 52 is reproduced t>y the signal reproducing light 
71 incoming through the substrate 51. The light 71 
incoming through the substrate 51 is reflected by the 
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semi-transparentfilm53soastobelight72. By detecting 
the variation in the intensity of the reflected light 72, th 
recorded information can t>e reproduced. On th other 
hand, the information recorded on the second informa- 
tion signal layer 56 is reprochjced by the light 71 incoming 
through tfie first sut>strate 51 , the semi-transparent film 
53 and ttie photopolymer resin 60. The light 71 is 
reflected by the reflective film 57 so as to be light 72. In 
this example, the information recorded on the two infor- 
mation signal layers 52 and 56 can be selectively and 
continuously reproduced by using the light 71 irKX>ming 
through the sutTstrate 51 . It is not necessary for another 
light to income through the second substrate 55 in order 
to reproduce the information recorded on the second 
information signal layer 56. Therefore, the second sub- 
strate 55 is not required to be transparent and tfie mate- 
rial for the second substrate 55 can be selected very 
freely. 

In addition, if the information recorded on one of the 
plurality of information signal layers can be 
recorded/reproduced thereonAherefrom by using a laser 
beam and the other layers are exclusively i^ed for the 
reproduction, then the density of the selected layer can 
be inaeased, and a user can freely record private infor- 
mation on the selected layer. In such a case, a layer d^- 
tant from the laser beam incoming side is selected as the 
layer usable for reoording/ireproc&icing information ther- 
eon/therefront By redudng the laser t>eam reflectance 
of the information signal layer closer to the laser beam 
incoming side, tiie laser beam can reach the layer dstant 
from the laser beam irKX>ming skje, thereby reoord- 
ing/ireproducing Information thereon/therefrom. In order 
to record/reproduce information onto/from the layer dis- 
tant from the laser beam Incoming side, a recording 
material film is required to be provided on the second 
sut>strata The recording material film is formed directiy 
on the reflective film 57, or via another dielectric f Dm. In 
the case of recording information on the recording mate- 
rial fDm, grooves for tracking and pits indicating a track 
nunrt>er and the like are provkJed on the second informa- 
tion signal layer 56, tiiereby making the surface of the 
second information signal layer 56 uneven. However, 
video data, audio data, data to be processed by an infor- 
mation processor and the like are recorded not on the 
second information signal layer 56 itself, txit on the 
recording material film. A krKiwn recorcGng material film 
such as a phase-changeable material fDm, a magneto- 
optical material film, or an organic dye material fDm is 
used as the recording material film. 

Next, referring to Rgures 6A to 6C, a metiiod for pro- 
ducing the optical information medium shown in Rgure 
5willbedesait>ed. 

Rrst, as shown in Rgu'e 6 A, a transparent substrate 
51 having a first information signal layer 52 is formed t>y 
an injection nnokJing method or the lika The first infor- 
mation signal layer 52 functions as the information signal 
layer closer to the laser beam incoming side. In the case 
of performing the ir^ection moldng. th substrat 51 is 
preferably made of a transparent resin such as polycar- 
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bonata In this example, a disk-shaped substrate 51 with 
a thickness of 0.58 ±0.03 mm. an outer diameter of 1 20 
mm and an inner diameter off 15 mm is formed. Next, a 
semi-transparent film 53 is formed on the first information 
signal layer 52 on the first sut)strate 51 by a sputtering 
method or a vacuum evaporation method. A target 61 
used for the sputtering is made of the same materia) for 
composing the semi-transparent film 53. 

As shown in Rgure 6B, another disk-shaped sut>- 
strate 55 having a second information signal layer 56 on 
one side thereof is separately formed by the injection 
nrx)lcfing method or the like, and the reflective film 57 is 
formed on the second information signal layer 56 on the 
sub^te 55 by a sputtering method or a vacuum evap- 
oration method. When the optical information medium is 
to be exclusively used for reproduction, a target 65 is 
made of a metallic material such as aluminum. On the 
other hand, when the optical Information medium is to 
t>e used for recording and reproduction, a phase- 
changeat)le material or a magneto-optical material is 
additionally used for the target 65. In this example, the 
same shape and size as those of the first substrate 51 
are used for the secorvJ sut>strate 55. In view of the 
reflectance and the like, the ref lectivef ilm 57 is preferably 
m^e of a metallic nrtaterial mainly composed of alumi- 
num. 

The injection moMing process and the sputtering 
process used for formirvg the respective substrates 51 
and 55 having an information signal layer on one side 
thereof are a known process used for producing a CD. 
Since the cyde time required for performing the respec- 
tive process steps is on the order off several seconds, 
these processes have a very high productivity. 

Next, wfiile rotating the transparent sut>strate 51 , a 
pfiotopolynf)er resin 60 is applied onto the semi-transpar- 
ent film 53. The photopolymer resin 60 has a refractive 
index ctose to that of the substrate 51 . In this example, 
the refractive index of the photopolymer resin 60 is in an 
approximate range of 1 .48 to 1 .55. On the other hand, 
the refractive index of the substrate 51 is in an approxi- 
mate range of 1.5 to 1.6. 

Then, as shown in Rgure 6C, the f ir^ sut)strate 51 
is disposed so that the reflective film 57 faces the pho- 
topolymer resin 60, and then superposed on the second 
sut>strate 55. Thereafter, the photopolymer resin 60 Is 
irradiated with UV rays 64 through the transparent sut>- 
strate 51 and the semi-transparent film 53. In the second 
exanrple. these photopolymer resin curing steps can be 
performed in sut)stantially the same way as those of the 
first example. The production steps of the second exam- 
ple are different from tftose of the first exarrple in that 
the photopolymer resin 60 is irradiated with UV rays 64 
through the semi-transparent film 53. However, in tNs 
case, the multiple reflection of the light transmitted 
through the semi-transparent f Om 53 can also be per- 
formed between the senrti-transparent film 53 and the 
reflective film 57, theret)y pronrxiting the curing of the 
photopolymer resin 60. The UV transmittanc of the 
semi-transparent film 53 is in an approximate range of 



20 to 70%. Therefore, the semi-transparent film 53 func- 
tfons as a sort of reflective film so as to corrplete the 
curing of th resin in a shorter time tfian an expected 
time based on the curing mechanism similar to that 

5 descrit>ed in the first example. 

Because off the above-mentioned reasons, the 
transparent siibstrate 51 is preferat>ly pressed via a 
transparent plate (not shown) or the like. In this way, the 
two information sig^ layers 52 and 56 are opposed so 

10 as to be separated from each other by a sut>stantially 
uniform gap^ and the first sut>strate 51 can be bonded 
with the second siiDStrate 55. In this example, the thick- 
ness of the pfYOtopolymer resin film is set to t>e in a range 
of 30 toSOiim. Besetting thethkioiessatsuchavalue, 

IS the information can t>e reproduced while making the gap 
between the two information sigr^ layers sufffoiently 
large. It is not preferat)le for the thickness to exceed 60 
^m, because an aberration is possit)ly caused in focus- 
ing the laser t>eam. 

20 In a process for fonning a protective film for a CD, 
the respective process steps of applying the photOiX)l- 
ymer resin and irracfiating the UV rays are also performed 
and result in a high productivity. Therefore, by performing 
the process step shown in Rgure 60, a sufficiently high 

25 productivity is realized. In addition, unlike a conventional 
nrtettiod in which an information signal layer is formed by 
using a photopolymer resin, the information signal layer 
56 is formed by an injection molcfing melhod. Accord- 
ingly, a large anxnjnt of dust is not likely to be attached 

30 to tiie surface of the information signal layer 56, thereby 
reducing defects. 

Rgu-e 7 sfiows a unit for producing a dual-layer opti- 
cal information medium. As sfrawn in Figure 7, a first 
bkxk 81 includes: a first molding machine 82; a first car- 

35 rying rcM 83; a first sputtering apparatus 84; and a 
transporter 85 for connecting these components. The 
transparent substrate 51 having the first information sig- 
nal layer 52 thereon is formed by the molding machine 
82 by the injection mokling method, and then carried tiy 

40 the carrying rotx>t 83 to the point A on the transporter 
85. Then, the sut)strate 51 is transported by the trans- 
porter 85 to the point B, the semi-transparent thin film 53 
is sputtered on the information signal layer 52 by the 
sputtering apparatus 84, and then ttie sut)strate 51 ^ 

45 transported again by the transporter 85 to the point 0. 
On the other hand, a second block 86 includes: a 
second molding machine87; a second carrying rotX]t88; 
a second sputtering apparatus 89; and a transporter 90 
for connecting these componerrts. The sut)strate 55 hav- 

50 ing the second information signal layer 56 thereon is 
formed by the moMing machine 87 tTy the injection mold- 
ing method, arKi then carried by the carrying rokxst 88 to 
the point Don the trar^porterM. Then. tiiesut>strate55 
is transported by the transporter 90 to the point E, tiie 

55 reflective film 57 is sputtered on the information signal 
layer 56 by the sputtering apparatus 89, and then the 
sut>strate 55 is transported again by the trartsporter 90 
to the point F. 
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The first block 81 and the second block 86 are dis- 
posed at the adjacent positions. The first block 81 is con- 
nected with the third block 93 by a moving rotx>t 91 , whil 
the second tHock 86 ^ connected with the third bkxk 93 
by a moving robot 92. The third block 93 includes: the 5 
moving rotxjts 91 and 92; an UV ray irradiata 94; a trans- 
porter 95 for connecting these components; and a 
stocker 96. The transporter 95 also functions as an appli- 
cator of the photopotymer resin. 

The first substrate 51 \& moved from the first block 10 
81 to the point G on the transporter 95 by using the mov- 
ing robot 91 , where the photopolymer resin 60 is applied 
by rotating the transparent sut^strate 51 and the trans- 
parent substrate 51 is transported by the transporter 95 
to the point H. The second 8ut)strate 55 is nnved from 75 
the second block 86 to the point H on the transporter 95 
t^y using the moving robot 92. where the second sut>- 
strate 55 is superposed on the transparent sut>strate 51 . 
The assembly is transported again by the transporter 95 
to the point I and then moved to the UV ray irradiator 94. 20 
where the photopolymer resin Is irracfiated with the UV 
rays 64 and cured from the transparent sut>strate 51 side. 
The medium thus produced is piled on the stocker 96. 

Thereafter, the printing for a label and the like may 
t>e performed. Afternativety. a printing apparatus can be 2S 
directly connected with the UV ray irradiator 94. A label 
is printed on a protective film made of a photopolymer 
resin in a comrTK>n CD. However, in the dual-layer optical 
infbnnation medium of the invention, the label rs printed 
on a plane on the opposite side to the information signal 30 
layer 56 of the substrate 55. 

According to the present invention, it is not neces- 
sary to perform an extra bonding process step using a 
roll ooater for applying a hot-melt adhesive or a presser 
in addition to the comnfK)n process steps for producing a 35 
CD, so that it is possible to provide a disk obtained by 
bonding thin sut>strates, a method for producing the 
same and a unit for producing the same without consid- 
erably increasing the cost Moreover, since a photopol- 
ymer resin is not softened in an environment where 40 
terrperature and humidity are high, unlike a hot-melt 
adhesive, it is possble to provide a high-density optical 
disk which can be used in a car. 

As is apparent from the foregoing desa^on. 
according to the present invention, the two information 45 
signal layers are separately formed by performing the 
irijectfon mokfing and sputtering processes, and the two 
information signal layers are superposed during the pho- 
topolymer resin application and curing processes, so 
that it is poss9>le to provide a multi-layered optical infor- so 
mation medium which can k>e produced at a lower cost 
by applying the highly productive CD production process 
steps thereto so as to have less detects. 

Various other modifications will t>e apparent to and 
can be readily made by those skilled in the art without 55 
departing from the scope and spirit of this invention. 
Accordingly, tt is not intended that the scope of the claims 
appended hereto be limited to the desaiption as set forth 
herein, but rather that the daims be broadly construed. 



Claims 

1. An optical information medium comprising: 

a first sut>strate having a first information sig- 
nal layer; 

a first reflective f im formed on th first infor- 
mation signal layer of the first &ut>strate; 

a second SLtetrate having a second informa- 
tion signal layer; 

a second reflective film formed on the second 
information signal layer of the second substrate; and 

a photopolymer resin fOm provided between 
the first reflective film and the second reflective film 
for kx)nding the first sut)strate and the second sub- 
strate with each otfter. 

2. An optical information mecfium according to daim 1 . 
wherein the first and the second reflective films are 
made of a metallic material mainly composed of alu- 
minum. 

3. An optical information medium according to daim 1 , 
wherein at least one of the first and the second 
reflective films has a thickness of 0.1 )im or less. 

4. An optical information mecfium according to daim 1 , 
wherein the first and the second 8ut>strates have a 
sut>stantially equal thickness. 

5. An optical information medium according to daim 4. 
wherein the first arvi the second substrates have a 
thtokness of 0.57 mm to 0.63 mm. 

6. An optical information mecfium according to daim 1 . 
wherein a pit art is formed on at least one of tiie first 
information signal layer and the second information 
signal layer. 

7. An optical information mecfium according to daim 1 . 
wherein a recording material film is provided at least 
cxie of t)etween the first sut>strate and the first reflec- 
tive film and between the second sUbstrate and the 
second reflective film. 

8. A method for produdng an optical information 
medium, comprising the steps of: 

forming a first sut>strate having a first infor- 
mation signal layer on cxie side thereof; 

forming a first reflective film cxi the first infor- 
mation signal layer of the first sut>strat6; 

forming a second sut>strate having a second 
information signal layer on one skie tiiereof; 

forming a second r^lective film on the sec- 
ond information signal layer of the second substrate; 

superposing the first and the second sub- 
strates so that the first and the second reflective 
f 3ms are opposed to each other with a photopolymer 
resin theret>etween; arxJ 

irradiating the photopolymer resin witii light 



11 



21 



EP0706178 A2 



22 



at least through the second substrate and the sec- 
ond reflective film so as to perfbrm a multiple reflec- 
tion of a part of the light k>6tween th first arvJ the 
second reflective fDms and cure the photopolymer 
resin, thereby bonding the first and the second sut>- 5 
strates with each other. 

9. A method for producing an optical information 
medium according to daim 8. wherein the step of 
superposing the first and the second substrates 10 
corrprises the steps off: 

applying the photopolymer resin in a donut 
shape while rotating the first sut}strate. arxi 

superposing the second sii>strate on the first 
sut>strate so that the first and the second reflective is 
films are opposed to each other via the photopoly- 
mer resin so as to intecprally rotate the first and the 
second sut>s1rates. 

10. A method for produdng an optical information so 
medium according to daim 8, further comprising a 
step of disposing a transparent plate on the second 
sut^strate so as to press the second substrate via 
the transparent plate after performing the step of 
superposing the second sut>strate on the first sut>- 25 
strata so as to integrally rotate the first and the sec- 
ond sitetrates. 

11. A method lor produdng an optical information 
medium accorcfing to claim 8. wherein the first and 30 
the second reflective films are made of a metallic 
material mainly conposed of aluminum. 

12. A unit for produdng an optical information medium 

tiy bonding af irst substrate including af irst reflective 3S 
film formed on a first information signal layer off the 
first sut>strate and a second substrate induding a 
seoorxJ reflective fOm formed on a second informa- 
tion signal layer of the second sut>strate with each 
other, corrprising: 40 

an apparatus lor applying a photopolymer 
resin on the first reflective film while rotating the first 
sut>strate; 

an apparatus for superposing the second 
substrate on ttie photopolymer resin so that the first 4s 
and the second r^lective films are opposed to each 
other; 

an apparatus for integrally rotating the first 
and the second sut>5trates; and 

an apparatus for irradiating the photopolymer so 
resin with light. 

13. A unit for produdng an optical information medium 
by bonding a first substrate including a first reflective 
film formed on a first information signal layer of the ss 
first sufc»strate and a second substrate including a 
second reflective fDm formed on a second informa- 
tion signal layer of the second sut>strate with each 
other, conrprising: 



an apparatus for applying a photopolymer 
.resin on the first reflective film while rotating the first 
sut>strate; 

an apparatus for superposing the second 
sut>strate on the photopolymer resin so that th first 
and the secorxj reflective films ar opposed to each 
other; 

an apparatus for integrally rotating the first 
arxi the secorxJ sut>strat6s; 

an apparatus for pressing the second sub- 
strate via a transparent plate; and 

an apparatus for irradiating the photopolymer 
resin with light 

14w A unit for produdng an optical information medium 
corrprising: 

a first production block comprising a first 
molding machine for fbrnting a first sut)s1rate includ- 
ing a first information signal layer thereon, and a first 
sputtenng apparatus for forming a first reflective film 
on the first information signal layer of the first sut> 
strate; 

a second production block corrprising a sec- 
orxj nx)lding machine for fonming a second sut>strate 
induding a secorxi information signal layer thereon, 
and a second sputtering apparatus for forming a 
second reflective film on the secorxl information sig- 
nal layer of the second suk)strate; 

a third production bfock for opposing the first 
reflective film of the first sut>strate and the second 
reflective film of the secorxi sUbstrate via a photopol- 
ymer resin film and then irradiating the photopoly- 
mer resin film with ligfit at least through the second 
sut)strate and the second reflective film; and 

a transporter for moving the first sut>strate 
from the first production block to the third production 
bfock and nwving the second substrate from the sec- 
ond production block to the third production block, 
respectively. 

15. An optical information medium comprising: 

a first sut>strate having a first infonnation sig- 
nal layer; 

a semi-transparent fOm formed on the first 
irrformation signal layer of the first suk)strate; 

a second sut>strate having a second informa- 
tion signal layer; 

a reflective film formed on the second infor- 
mation signal layer off the second sut>strate; and 

a photopolymer resin film provided between 
the semi-transparent film and the reflective film for 
bonding the first substrate and the second sut>strate 
with each otirer. 

16. An optical information medium according to daim 
15, wherein the reflective film indudes a recording 
material film. 
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17. An optical information medium according to daim 
15, wherein a thickness off the first substrate ^ In a 
range of 0.55 to 0.61 mm. 

18. An optical Information medium according to claim s 
1 5, wherein a thickness of the photopolymer resin is 

In a range of 30 to 60 |mi. 

19. An optical information medium according to daim 

1 5, wherein a pit art is formed on at least one of the io 
first informatkxi signal layer and the second informa- 
tfon signal layer. 

20. A method for produdng an optical information 
medium, comprising the steps of: 

forming a first sirisstrate having a first infor- 
mation signal layer on one side thereof; 

forming a semi-transparent fOm on the first 
information signal layer off the first sub^rate; 

fomning a second sut>strate having a second 
information signal layer on one side thereof; 

forming a reflective fOm on the secorxJ infor- 
mation signal layer of the second substrate; 

superposing the first and the secorxJ sii>- 
strates so tfiat the semi-transparent film and the 
reflective film are opposed to each other with a pho- 
topolymer resin therebetween; and 

irradiating the photopolymer resin with light 
at least through the first suk>strate and the semi- 
transparent film so as to perform a miAiple reflection 
of a part of the light between the semi-transparent 
film and the reflective film and cure the photopoly- 
mer resin, thereby bonding the first and the second 
sut>strates with each other. 

21. A unit for produdng an optical Information medium 
corrprising: 

a first production block comprising a first 
nrK)ldng machine for Ibrming a first sutsstrate Indud- 
ing af irst information signal layerthereon, arxJ afirst 40 
sputtering apparatus for fonming a semi-transparent 
film on the first infonnation signal layer of tfie first 
substrate; 

a second production block comprising a sec- 
ond mok£ng machine for forming a secorxJ sut}strate 4s 
induding a second Information signal layer thereon, 
and a second sputtering apparatus for forming a 
reflective film on the second information signal layer 
off the second sut^strate; 

a tNrd productfon bfock for opposing the so 
semi-transparent film on the first substrate and the 
reflective film on the second sut>strate with each 
other with a photopolymer resin film therebetween 
and then irradiating the photopdymer resin film with 
light at least through the first sut>strate and the semi- ss 
transparent film; and 

a transporter for moving the first sut}strate 
from the first production block to the third production 
block and moving the second sut>strate from the sec- 



ond production block to the third production block, 
respectively. 
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